Organochlorine pesticide residues were measured in human serum from an urban and two rural populations in Portugal, in an attempt to evaluate the contamination level of Portuguese population. Serum levels of 12 residues were determined using a validated methodology that included gas chromatography-electron-capture detection. It was made an attempt to point out the differences of contamination between rural and urban populations; and among these, if it could be established a relation with sex and with age of individuals. p,p9DDE, a-hexachlorocyclohexane (HCH), p,p9DDD, and b-HCH were the most frequently identified residues. p,p9DDE concentrations ranged from undetected to 390.5 mgyl in urban samples, and from undetected to 43.5 mgyl and to 171.2 mgyl in both rural samples. Maximum a-HCH concentration level was 114.4 mgyl in urban samples, 261.3 and 45.5 mgyl in both rural samples. Mean total DDT levels were always higher than mean total HCH levels. About p,p9DDE, in all three populations, the majority of the results above the limit of quantification were found among female sex. The analysis of different aged groups showed that younger groups continue to reveal contamination. Comparing obtained results with others from Europe, Asia and America, it was observed that Portugal is between the highest levels of contamination. ᮊ
Introduction
Organochlorine pesticides are a class of chemicals that came into widespread use in the late 1940s. Despite being banned in industrialized countries since the 1970s, or subjected to restrictions in use in many others, they persist to this day in the environment. In Portugal most of *Corresponding author. Tel.: q51-239859994; fax: q51-239827126.
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organochlorine pesticide residues have been prohibited in 1988 (Decree 660y88) and this year it was legislated the prohibition on lindane's use in agriculture. With the exception of occupationally exposed individuals, most exposure to these chemicals occurs via dietary intake (DeVoto et al., 1998; Ahlborg et al., 1995) , especially food of animal origin, but also through water, ambient and indoor air, dust and soil Dua et al., 2001; Manirakiza et al., 2002) . These lipophilic compounds accumulate and even bio-magnify their concentration along the food chain, especially in fatty food . Some published reports (Ahlborg et al., 1995; DeVoto et al., 1998; Hanaoka et al., 2002; Manirakiza et al., 2002) suggest that serum levels of organochlorines are related to the consumption of various foods. The current background body burden of organochlorine pesticides is still of concern, all over the world, because of their sex-hormonelike properties, more specifically estrogenic properties that point out these chemicals as endocrine disrupters and as suspected carcinogens (Ahlborg et al., 1995; Amaral Mendes, 2002; Charlier and Plomteux, 2002; DeVoto et al., 1998; Frıas et al., 2001; Gammon et al., 2002; Sonnenschein et al., 1995) . Recent reports suggested an association between exposure to pesticides and different types of human cancer (Amaral Mendes, 2002; Safi, 2002) . The facts that such residues persist in adipose tissue over a period of many decades, are endocrine disrupters, cause immune suppression, and inhibit various enzymes, lead to higher susceptibility to cancer onset (Iscan et al., 2002; Wolff et al., 2000; Safi, 2002; Saxena et al., 1981) . Biological monitoring of exposure can be carried out by determination of intact compounds or their metabolites in blood, serum, plasma and urine (Aprea et al., 2002) . Thus, human serum is one of the biological materials that can be conveniently obtained for the study of body burden following chronic exposure (Waliszewski et al., 1999a) .
Our aim was to determine the body burden of 12 organochlorine pesticide residues in individuals from an urban population, and from two rural populations which are placed in an area of intense agricultural activity, and for that, with higher environmental exposure, by measuring their concentrations in blood serum. We intended to provide useful data on contamination levels in a region of Europe that has not been well studied. This study directs attention to possible differences between, rural and urban residence, gender and aged groups, and higher serum organochlorine levels. All the samples were analysed for the following residues: hexachlorocyclohexane (HCH) isomers (a, b, g), aldrin and dieldrin, heptachlor epoxide (HE), hexachlorobenzene (HCB), 1,1,1-trichloro-2,2-bis(p-chorophenyl) ethane (p,p9-
,2-bis(p-chlorophenyl) ethylene (p,p9-DDE) and 1,1-dichloro-2,2-bis(p-chlorophenyl) ethane (p,p9-DDD), and endosulfan sulphate.
Experimental

Sampling and description of populations
The present study was carried out between the year of 2001 and 2002 in the central region of Portugal, in the area of Coimbra, the most important city of this region, placed between Lisbon and Oporto. The river Mondego crosses Coimbra. Samples are proceeding from 203 presumably healthy volunteers, chosen by a random procedure, 44 urban residents, living in Coimbra, and 159 rural residents, 70 from the farming village of Verride and 89 from the farming village of Ereira. These two villages are situated on the Mondego valley, far from Coimbra, approximately 30 km. Verride is on the left bank at a higher level as opposed of Ereira which stays on the right bank at river level.
The Coimbra population comprised 27 women and 17 men, aged between 20 and 60; the Verride population comprised 42 women and 28 men, aged between 20 and 94; and finally, the Ereira population comprised 64 women and 25 men, aged between 19 and 90.
All volunteers were asked to complete a rapid questionnaire about age, body mass index (kgy m ), parity, clinical history, occupation and contact 2 with pesticides. All of them were considered nonoccupationally exposed.
The blood samples, approximately 10 ml, were collected by venipuncture and the serum was separated by centrifugation and frozen at y20 8C in glass vials (prewashed with n-hexane).
Chemical analysis
The analysis of 12 organochlorine pesticide residues was performed according to the method 2 of Lino et al. (1998) modified by the addition of 0.5 ml of methanol to 1 ml of serum before the extraction. Briefly, the extraction of organochlorine residues was made with 2=5 ml of n-hexane-acetone (90q10), shaken for 1 min on a Vortex mixer and centrifuged at 1250=g for 5 min. The extract was transferred to a Florisil SPE cartridge previously added with 1 cm of sodium sulphate. Two different eluents were used: E 6 ml n-hexane 1 and E 6 ml n-hexane-Cl CH (5q1). The eluates 2 2 2 were concentrated to 1 ml and then, quantification and confirmation of results were made using gas chromatography-electron-capture detection ( Ni) 63 with two columns, DB-5 and DB-17.
Results
This study revealed that mean concentration level of all analysed compounds, excepting HCH isomers, was higher in urban samples ( Table 1) . The median concentrations of all the compounds were below the quantification limit. We considered total HCH (8-HCH) as the sum of the three isomers (a, b, g) and total DDT (8-DDT) as the sum of the four compounds : p, p9DDE, p, p9DDD, p, p9DDT, o, p9DDT . Because the distribution of serum organochlorine levels was not normal, differences between two groups or more were tested by Student's t-test or the analysis of variance. A P-value less than 0.05 was considered to be statistically significant.
In case of HCH isomers, it was observed that mean total HCH levels were higher in the Verride population, 13"36.6 mgyl and 16 samples were above the limit of quantification (LOQ). For mean total HCH levels in Coimbra and Verride, the isomer a was the one that contributed maximum, while in Ereira was the isomer b.
Mean concentration levels of DDT isomers and analogues were higher in samples proceeding from Coimbra, however, the highest number of results above the LOQ has been found among Ereira samples. p,p9DDE levels ranged from non-detectable to 390.5 mgyl, in Coimbra, with the majority of results being below the LOQ. The highest value found for o,p9DDT residue belongs to an individual from the Ereira population with 256.7 mgyl. p,p9DDT was detected above the LOQ only in 2 samples from the urban population with the maximum value of 814.9 mgyl. Among DDT isomers and analogues p,p9DDE was the residue with more results above the LOQ.
Comparing mean levels of total HCH with total DDT, it was observed that, in Coimbra and in Ereira, total DDT levels were nine times higher than the first ones, 93.5"140.9 mgyl vs. 10"22.8 mgyl, in Coimbra, and 56"50 mgyl vs. 6.1"8.6 mgyl, in Ereira. In Verride these values were three times higher, 43.9"9.7 mgyl, for total DDT, vs. 13"36.6 mgyl, for total HCH.
The concentrations of aldrin, dieldrin and HE were always below the LOQ in rural samples. In urban samples these residues have been detected above the LOQ in a small number of samples. HCB was detected above the LOQ in 4 samples from Coimbra, with the maximum value of 393.3 mgyl, and in 1 sample from Ereira with 28.2 mgy l. Endosulfan sulphate was detected above the LOQ in 1 sample from Coimbra, with 547.6 mgy l, and in another one from Ereira with 108.8 mgy l.
The most frequently detected residue was p,p9DDE, which was found in concentrations above the LOQ in 27 samples from Ereira, in 13 from Verride and in 9 from Coimbra. In the three analysed populations, o,p9DDT was more often detected than p,p9DDT, which appeared in concentrations above the LOQ only in two samples from Coimbra. Comparing number of results above the LOQ of total HCH with total DDT, it was observed a prevalence of DDT in Coimbra and Ereira. However, in Verride, total HCH had 16 results above the LOQ and total DDT had 14.
In fact, the statistical analysis with an ANOVA, trying to correlate higher levels of each compound with place of origin, either urban or rural, showed significant differences (P-0.05) for p,p9DDE, total DDT, HCB, aldrin, dieldrin and HE. These results are expressed in Table 7 .
The analysis of samples concerning to individuals sex is expressed in Table 2 . First analysis of this table shows that the majority of the results above the LOQ were found in males from the urban population and in females from both rural populations. In respect to mean HCH concentration levels, higher levels were found in males, 17.4 mgyl for total HCH, than in females, 5.2 mgyl, from the urban population. In the rural population of Verride, mean concentration of isomer a and of total HCH were also higher in males than in Table 1 Mean concentration (x) (mgyl), standard deviation (S.D.), ranges and number of samples above the LOQ of organochlorine pesticides detected in human serum samples from an urban population, Coimbra and two rural populations, in Verride and Ereira, Portugal Table 2 Mean concentration (x) (mgyl), S.D. and number of samples above the LOQ of organochlorine pesticides detected in human serum samples of both sexes from an urban population, Coimbra, and two rural populations, in Verride and Ereira, Portugal
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Coimbra
Verride Ereira If the concentration was below the LOQ it was set to 50% of that limit when the mean and S.D. was calculated. If the concentration was below the LOQ it was set to 50% of that limit when the mean and S.D. was calculated.
females, 18.0 mgyl for total HCH in males vs. 9.7 mgyl in females. The opposite situation was observed in the rural population of Ereira, mean total HCH concentration in females was higher, 6.5 mgyl, than in males, 5.3 mgyl. About p,p9DDE, in all three populations, the majority of the results above the LOQ were found among female sex. In respect to mean p,p9DDE concentration levels of rural samples, higher values were observed in females rather than in males, 10.0 mgyl vs. 8.7 mgyl in Verride, and 17.1 mgyl vs. 8.3 mgyl in Ereira.
In the three populations, mean concentration values of p,p9DDD were higher in males. o,p9DDT was detected with higher mean concentration in males from the Coimbra and Verride populations, and in females from the Ereira population. p,p9DDT was detected only in 2 male samples from Coimbra.
Total DDT higher levels of average were detected in males, rather than in females, from the Coimbra population, 130.7 vs. 70.1 mgyl. Both rural populations showed very similar values of mean total DDT levels for both sexes. The majority of the results of total DDT above the LOQ were found among females of the three populations.
The other residues, HCB, aldrin, dieldrin, HE and endosulfan sulphate mean concentration levels were always higher in females from the Coimbra population. In the other two populations their results were in most cases below the LOQ.
In order to compare each residue with sex of individuals the Student's t-test was used and did not indicate any significant difference for any of the 12 compounds in analysis.
Distributing the three populations in different aged groups (Tables 3-5) we were able to compare the same aged groups (20-39, 40-49, 50-59). Looking closely to Tables 3-5 it was observed that in Coimbra, HCH isomers and its sum had higher mean levels in younger groups; in Ereira it happened the same, excepting for a-HCH, which was detected above the LOQ in samples from older groups. About p,p9DDE, in Coimbra, the highest frequency was obtained in the youngest group, although the highest average was obtained in the oldest one, 39.5 mgyl; in Verride and Ereira both values were found in the oldest groups. In 29 Table 7 Application of variance analysis (Turkey), with the factor place (Coimbra, Verride and Ereira) and the dependent variables, the organochlorine pesticide residues SPSS software was used for statistical analysis: *statistically significant (P-0.05, Ns203); place 1-Coimbra population; place 2-Verride population; place 3-Ereira population.
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the Coimbra population, p,p9DDD was found in younger groups; in Ereira, it was detected with higher mean concentration level in the youngest group, 16 mgyl, but with more results above the LOQ in older groups; in Verride the highest average was seen in the oldest group, 10.8 mgyl.
About o,p9DDT it was observed that higher levels were detected in younger groups from the urban population. The two results above the LOQ for p,p9DDT were found in the oldest group of Coimbra population.
Total DDT higher mean concentration values were most of the times observed in older groups. The higher number of samples with concentrations above the LOQ was also found among older groups in both rural populations, while in urban samples this number was higher in the youngest group.
In the Coimbra population, HCB, dieldrin and endosulfan sulphate highest levels were found in the younger group. Aldrin and HE were detected with higher mean concentration level in the oldest group from this population.
The analysis of variance taking into account the factor age did not reveal any statistically significant differences between any of the aged groups in analysis and organochlorine residues levels.
Discussion
The present analysis for the Portuguese population was consistent with numerous studies in other populations that have shown the difficulty in analysing human data due to the diversity of parameters to take into account, and also have shown that organochlorine pollutants' problematic is far from being totally understood (Ahlborg et al., 1995; Gammon et al., 2002; Koppen et al., 2002; Manirakiza et al., 2002) .
The results have shown that g-HCH (lindane) was the less detected of the three HCH isomers. Mean total HCH concentration was higher in the Verride population, having the maximum contribution of the isomer a. These are interesting findings once isomers a and b are essentially noninsecticidal, they probably appear as a result of application of lindane impure formulations either in agriculture, for crop protection, either in shampoos and lotions for treatment of scabies and lice. This is of concern due to high persistence of these two isomers, especially b-HCH, in the environment, and in human body (Ahlborg et al., 1995; Lino and Silveira, 1996) . Our study has shown higher serum levels of total DDT in urban samples; this correlation reached a high statistically significant level (P(0.002). This situation can be due to higher consumption of animal origin foods and dairy products by this population (Ahlborg et al., 1995; DeVoto et al., 1998) . Just like it happens in many other countries from the Occidental Europe, Portugal imports animal and vegetable origin foods from Asia and Latin America where DDT is still in use (Gonzalez, 1998; Shaw, 1998) . Urban populations preferentially consume these imported products, once they have higher accessibility to this kind of products while rural populations tend to consume the products they grow.
It is important to note that p,p9DDT is classified by the IARC as group 2B, 'possibly carcinogenic to humans ' (IARC Monographs, 1991) , and that it was found in 1% of total analysed samples with the maximum value of 814.9 mgyl.
The results of HCB showed that it was highly detected in urban samples (P(0.046), probably as a result of dietary habits, such as meat, fish and poultry (Ahlborg et al., 1995) , as well as, beef and lamb (DeVoto et al., 1998) . Although HCB is no longer used as a fungicide, it is still produced as a by-product and contaminant in other chlorinated chemicals, it is released in the environment by the discharge of plastic (Ando et al., 1985; Gomez-Catalan et al., 1987) and it has also beeńf ound in fly ash from fires or incinerators (DeVoto et al., 1998) ; therefore HCB continues to enter in the food chain. HCB also occurs in the human body as a metabolite of HCH (Ahlborg et al., 1995) . This organochlorine compound is highly lipophilic and very persistent and also a potent inductor of porphyria (Ando et al., 1985) . In animals, HCB is carcinogenic and also is metabolised to pentachlorophenol, which is a very toxic substance (Gomez-Catalan et al., 1987) .Á ldrin and dieldrin were detected only in a few number of urban samples (P(0.03). However, it is not clear why aldrin continues to appear in human serum, once it is rapidly metabolised to dieldrin, in the environment and in human body (Ahlborg et al., 1995) . The fact that they have been detected could be explained by a recent exposure (Frıas et al., 2001) . HE is the most persistent metabolite of heptachlor, which was used against soil insects, termites and mosquitoes. We have only detected it in the urban population (P(0.027). Once more this is probably a result of exposure by the ingestion of contaminated food, such as meat, fish and dairy products (Ahlborg et al., 1995; DeVoto et al., 1998) .
We observed a prevalence among men rather than women of higher levels of total HCH. Other studies, in Germany, Japan and Sene-Gambian region, also reported higher levels of HCH isomers for males (DeVoto et al., 1998; Hanaoka et al., 2002; Manirakiza et al., 2002) .
Just like in other studies from the United States, Belgium and Egypt (Ahlborg et al., 1995; Charlier and Plomteux, 2002; Soliman et al., 1997) , we have also observed mean total DDT levels in men higher than those of women. These results could suggest that lactation is a route of excretion, as there are studies that indicate the transfer of organochlorine residues to breastmilk (Harris et al., 2001; Waliszewski et al., 1999b) , or suggest that there are other gender differences in storage and metabolism (Ahlborg et al., 1995) .
Mean HCB concentration was higher in females than in males; other studies also have found higher mean HCB concentration levels in females (Charlier and Plomteux, 2002; DeVoto et al., 1998) .
Despite all this, and because we have not found any statistically significant difference between both sexes, we could not prove that organochlorine concentrations in human serum are sex-dependent.
Previous reports established a relationship between age and organochlorine residues levels (Stehr- Green, 1989; Soliman et al., 1997; Voorspoels et al., 2002 ) that we could not statistically corroborate. However, it is important to note that younger groups have high levels of detection of analysed residues, causing suspicion of exposure to pesticide residues continues to happen.
The comparison of our results with the results obtained from monitoring studies of organochlorine residues in human serum in other countries is presented in Table 6 . In relation to mean levels of HCH isomers and DDT isomers and analogues, higher values were achieved in Nainital, India (Dua et al., 2001) , in a study performed in whole blood during three different months. In fact, those levels were very much higher than levels found in other countries from Asia, such as Pakistan (Krawinkel et al., 1989) and Japan (Hanaoka et al., 2002) , as well as in others from Europe or America. About DDT related compounds, our study revealed higher levels of contamination than other studies performed in countries from Europe, such as Spain, Italy, Germany or Belgium. Mexico showed mean p,p9DDE levels, 14.5 mgyl, comprehended among ours, lower than those found in Coimbra, 28.6 mgyl, but higher than those found in Verride, 9.5 mgyl. However, Sweden revealed mean p,p9DDE levels much higher than ours, 808.9 ngyg. Mean a-HCH levels were highly detected in our study, while mean b and l-HCH levels were higher in Germany (DeVoto et al., 1998) . b-HCH higher levels were detected in Sweden (Wicklund Glynn et al., 2000) , 48.6 ngyg lipid. Also mean l-HCH levels detected in Sweden were higher than those detected in our study. This comparison between Europe, Asia and America revealed that Asia and Europe continue to show high levels of contamination, as well as countries from South-America, while the USA and Canada showed low levels.
Although the majority of epidemiological studies, have not confirmed these chemical compounds as likely causes of diseases like cancer, the fact that almost all samples tested to date have shown detectable levels of residues of pesticides (especially p,p9DDE) provides ample reason for concern about many possible health effects of these compounds. Hence, further monitoring studies are needed in an attempt to eliminate or reduce sources of contamination, and also providing information for epidemiological studies that establish a relation between levels of contamination and predominance of certain diseases like cancer.
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